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The blue laser race-  a 
marathon  not  a spr int  
Roy Szweda, Associate Editor 
I Throughout he past year III-Vs Review has been reporting on the startling developments within the field of 
blueemitting optoelectronics. Previous years saw a re-awakening of the science and commercial pursuit of 
what had been dismissed as a cul de sac in compound semiconductors. 1997 saw confirmation of 
the blue-green laser diode as an operational device from researchers worldwide, both in the academic 
laboratories and in industry. As the year closes and we look forward to the 'wash-up' celebration at the 'MRS 
Fall Meeting Nitride Workshop', Roy Szweda reports on the very latest developments in this exciting field. 
I 
n 1997 a sequence of an- 
nouncements revealed just 
how hard the many groups are 
working on creating a functioning 
short-wavelength laser diode. As 
we emerged from winter Nichia's 
success still stood alone. Before 
spring was over, however, Cree 
Research made another of its 
breathless announcements to 
claim a quick series of firsts. While 
the Nichia success has been built 
on heteroepitaxial growth of III-ni- 
trides on sapphire, Cree has always 
championed the SiC approach. 
Now the North Carolina company's 
fidelity was vindicated with the 
world's first InGaN-on-SiC room 
temperature (RT) laser diode. The 
team's success followed what has 
become the traditional sequence 
by first announcing pulsed opera- 
tion and then continuous wave 
(CW) operation. Indeed, this fol- 
lowed a few weeks later. 
A cauldron of R&D activity had 
quickly developed, constantly spit- 
ting forth new milestones in the 
marathon that the race to the blue 
laser had become. There was not 
only the Cree success, but also that 
of ATMI with its GaN-on-sapphire 
epiwafers and the anticipation of 
InGaN blue LEDs from Hewlett 
Packard, not forgetting announce- 
ments from Japan, such as Fujitsu's 
tantalizing limpse of future metal 
organic vapour phase epitaxy 
(MOVIE) based mass production 
methods for blue-green III-nitride 
emitters. 
G reat expectations 
As 1997 draws to close, I can't help 
but have an overwhelming impres- 
sion which can only be likened to 
a groom being kept waiting at the 
altar. The consumer electronics in- 
dustry, and to a large extent he da- 
ta processing industry, are waiting 
on the blue-green laser diode for 
their next-generation storage me- 
dia, i.e. the digital video disk 
(DVD). Already DVD has become a
part of the traditional hype leading 
up to the retail bonanza that is 
Christmas. While DVD equipment 
may not play a massive role in this 
year's festivities, there are great 
hopes for its success for Christmas 
1998. 
Longer wavelength red (i.e. 
650 nm)AlGaInP laser diodes are 
only just managing to provide suffi- 
cient storage capacity for present 
applications. In order to cram a 
full-length movie onto a CD, for ex- 
ample, wavelength reduction and 
digital encoding has to be used. It 
is clear that to provide the head- 
room necessary for longer duration 
movies at HDTV quality as well as 
write and read capability, the 'ulti- 
mate' DVD system mandates a 
blue-green diode laser. 
Emphasizing the pace of the 
DVD market isWarner HomeVideo's 
November release of 15 new titles 
to the 150+ DVDs already available 
in the USA (see www.dvdwb.com). 
A double-sided CD-sized DVD of- 
fers mouth-watering bonuses for 
cinema fans, such as additional foot- 
age and subtitles, in a user-friendly 
format. And all for only US$25! 
It is likely that this generation 
of DVD will be forward-compatible 
with later generation blue laser- 
based equipment. The blue-green 
laser may itself be superseded by 
the UV laser, although this is also 
likely to be made from III-nitride 
materials.This is already happening 
in the LED sector. 
While DVD may well be the pri- 
mary driver for blue lasers, it is by 
no means the only one. For a start, 
computer-based DVD-CDROM will 
impact he serious and recreational 
data storage industry from the next 
generations ofPC to the 'Playstation'. 
In tandem, the blue laser might 
well also replace the IR laser diode 
in office printers - who knows one 
day soon this magazine might be 
printed using such a device.At he 
Palo Alto Research Center, PARC 
Labs, Rank Xerox is one of the 
leading lights in industrial R&D 
and future applications of colour 
laser printing. To exploit the wide 
,spectrum sensitivity of the mater/- 
Ms used on printer drums, a com- 
bined set of visible lasers will 
permit 3- and 4-colour laser print- 
ing in a single pass of the toner 
drum. Development of III-nitride 
materials with longer wavelength 
emission characteristics i  under- 
way and one possibility is a single 
multi-frequency device or mono- 
lithic array as the 'engine' of a com- 
pact, reliable, cost-effective and 
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speedy full colour printer for the 
office or home (see page 6). 
Other applications for a blue 
laser-based optical unit extend to 
scanned laser projection displays, 
self-cauterizing laser surgery and small 
optical storage devices. Clearly, the 
market applications for III-nitride- 
based opto devices are immense. 
Blue lasers at UCSB 
Not far from PARC, at the 
University of California, Santa 
Barbara (UCSB), researchers have 
achieved the Holy Grail of the aca- 
demic research community. In 
September, UCSB became the first 
university in the USA to successful- 
ly make a GaN-based blue-emitting 
laser diode (Figure 1).The team has 
built and tested blue laser diodes 
that operated pulsed for up to six 
hours at room temperature. Sharp 
lasing spectra in the blue 
(420 nm), peak output powers to 
17 mW, and a narrow coherent out- 
put beam were observed. 
The lab work was performed by 
Michael Mack and Amber Abare, 
graduate students co-advised by 
Steven DenBaars, Associate Profes- 
sor of Materials and Larry A. 
Coldren, Professor of Electrical and 
Computer Engineering. 
DenBaars ays that no-one else, 
except Nichia, has reported thres- 
hold current densities as low as the 
12.7 kA.cm 2 for an uncoated 1mm 
long laser achieved at UCSB. 
The three-year project, which is 
about halfway through, is support- 
ed by the US Defense Advanced 
Research Projects Agency (DARPA). 
DrAnis Husain, assistant director of 
electronics technology, DARPA, 
says the agency has interest in the 
development of this technology 
for numerous applications includ- 
ing very high density storage, bio- 
chemical warfare reagent detection, 
covert communication and solar 
blind missile threat warning. 
The UCSB blue laser work was 
announced just after publication of 
a paper in the definitive journal in 
the field, the Materials Research 
Society International Journal of 
Nitride Semiconductor Research 
(MIJ-NSR) (the reference is http:/ 
/nsr.mij.mrs.org/2/41/). It is enti- 
tled: "Inditma-CcMlium-Nitride Multiple 
Quantum-Well Blue Laser Diodes 
Grown by MOCVD". 
As a footnote to the UCSB suc- 
cess, some of the team have gone 
into business with the new GaN 
epiwafer start-up companyWidegap 
Technology (WiTech). 
Nichia hits 10 Grand 
At the 'ICNS 1997' meeting in 
Tokushima, Japan, Dr Shuji 
Nakamura presented the very lat- 
est results from his blue laser re- 
search work. As we have reported 
previously, the Nichia workers 
have been steadily extending the 
lifetime of their InGaN multiple 
quantum well (MQW) blue laser 
diodes and had previously estab- 
lished and held the record. In the 
early days of November, Nakamura 
told the meeting that he and his 
co-workers had extended their 
lead to the almost unbelievable fig- 
ure of 10 000 hours (estimated). 
Akin to the impressive "it could 
not be done" shattering of the 
world land speed record when the 
Thrust II exceeded the speed of 
sound, Nichia's lasers have broken 
the magic 1 Ok barrier - -  10k hours 
lifetime is the equivalent of more 
than a whole year! To put things in 
a commercial perspective, though, 
my first CD music system has now 
been in service for more than ten 
years and its laser pick-up is still 
going strong. It is unlikely that 
those with up-to-the-minute tastes 
ask quite as much of their equip- 
ment, but it gives an idea of how 
much further there is to go in blue 
laser development before it is com- 
mercially useful. 
The latest Nichia work contin- 
ues to refine the basic InGaN 
MQW approach. According to the 
abstract, laser diodes employing 
AIGaN/GaN "modulation-doped 
strained layer superlattice cladding 
layers grown on an epitaxially lat- 
erally overgrown GaN (ELOG)" 
were demonstrated and found "to 
have an estimated lifetime of more 
than 10 000 hours under continu- 
Figure 1. The University of California, Santa Barbara, has successfully made a GaN-based 
blue-emitting laser diode. 
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ous-wave operation at 20°C'.To in- 
dicate their robustness, however, 
when the temperature was in- 
creased to 50°C, the lifetime was 
still greater than 1000 hours. 
Clearly there are some key tech- 
nological developments implicit in 
these few words. Despite the 
wording, sapphire substrates are, as 
underlined by the UCSB work, still 
the preferred starting point. 
However, a selective growth of 
GaN was made on top of a 2 v_rn 
thick GaN layer that had been 
grown on the sapphire (0001) 
C-face. Silicon dioxide masking is 
used to make stripe windows and 
thanks to the coalescence of the 
selectively-grown GaN, a flat sur- 
face is achieved. These substrates, 
which Nichia"has called 'ELOG', 
reduce the number of threading 
dislocations (as reported by other 
workers). The laser diodes which 
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gave the excellent lifetimes were 
those made at these regions. Other 
characteristics of the growth 
sequence were a series of Si- 
doped layers for the MQW and sev- 
eral layers grown using Mg as p- 
type dopant. The structure of 
the ridge-geometry was "almost 
the same" as previous Nichia 
devices. 
The diodes were measured un- 
der DC or pulsed current at 20°C 
and 50°C as mentioned earlier. At 
RT CW conditions, the threshold 
current was 90 mA corresponding 
to a threshold current density of 
4 kA.cm 2 at 4.6 V. Nakamura says 
that it is the ELOG substrate and 
MD-SLS which have enabled the 
operating voltage to be reduced. 
These factors are also those 
believed to lead to reduced 
crack population and low disloca- 
tion density and thereby an 
extended evice lifetime. 
What can one say to get across 
the magnitude of this achieve- 
ment, the figures speak for them- 
selves. One can but concur with 
the words of Nakamura and his 
co-workers who modestly, but 
forthrightly, put it, "these results in- 
dicate the imminent commercial- 
ization of III-V nitride-based 
short-wavelength laser diodes in 
the near future". 
It is clear that though this year 
will be remembered for further 
significant strides towards the 
development of what has become 
the Holy Grail of the optoelectron- 
ics industry, much remains to be 
done. We can rely on there being 
even more to report in 1998. 
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